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Abstract 
The ability of native speakers of Cantonese in distinguishing between aspirated and 
unaspirated stops, and stops among different places of articulation produced using inspiratory 
phonation (IP) and expiratory phonation (EP) was examined. Aspirated and unaspirated 
voiceless stops (/ph, th, kh, p, t, k/) followed by the vowel /a/ were produced by 15 males and 
15 females using EP and IP. VOT values were measured and speech samples were identified 
by 10 listeners. Results from the listening experiment showed that IP stops were associated 
with reduced accuracy in stop identification. Acoustic analysis showed that IP stops generally 
had significantly shorter VOT values than their EP counterparts. For both IP and EP, velar 
stops were associated with significantly longer VOT values than bilabial and alveolar stops. 
This finding implies that the articulatory-phonatory coordination during IP was not the same 
as that during EP. 
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Introduction 
 During normal phonation, initiation of vocal fold vibration requires a sufficient pressure 
below the adducted vocal folds. Normal phonation is also known as expiratory phonation (EP) 
as an outward flow of air needs to be created to set the vocal folds into periodic vibration 
during phonation. In contrast, inspiratory phonation (IP) involves generating a sound with a 
reverse direction of airflow during which air molecules are being drawn into the lungs 
(Colton, Casper, & Leonard, 2006; Shulman, 2000). Due to the reverse flow of air and 
possibly different vocal fold vibratory pattern, it is also known as reverse phonation 
(Lehmann, 1965, as cited in Robb, Chen, Gilbert, & Lerman, 2001). Previously, IP has been 
referred to a phonation which can be either a voluntary act or an involuntary act. For example, 
as an involuntary phonatory behavior, IP can be facilitated by vocal tract or subglottic 
obstruction such as wheezing (Robb et al.) especially in asthmatic patients. However, IP can 
be a voluntary act if it is orchestrated as a deliberate attempt to produce phonation with an 
ingressive airflow. 
In the practice of voice therapy, IP is being used as a behavioral assessment or as a 
facilitating technique for a variety of voice disorders, including ventricular phonation, 
spasmodic dysphonia, and psychogenic voice disorders (Orlikoff, Baken, & Kraus, 1997). In 
diagnostic radiology, patients frequently have to make use of IP to help radiologists 
distinguish supraglottic and glottic tumors from transglottic growth during an x-ray exam 
(Orlikoff et al.). Otolaryngologists often rely on IP for proper laryngoscopic examinations 
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such as examining possible subglottic abnormalities. In managing voice disorders, IP is 
theorized to trigger an appropriate physiology for the patients. During IP, the contraction of 
cricothyroid muscle and diaphragm can serve as a counter force to the adductory forces of 
laryngeal muscles. As a result, the force of vocal fold approximation can be reduced which 
can help facilitate speech production for patients with spasmodic dysphonia (Colton et al., 
2006). It has been noted that this technique is widely used as either a preparatory step for 
voice production using EP or a preferred mode of speaking for severely dysphonic patients. 
Seeing the value of IP in voice assessment and treatment, researchers have investigated 
the properties of this unique voicing mechanism. Orlikoff et al. (1997) examined productions 
of sustained vowels using IP by 16 normal men and women using a combination of acoustic, 
electroglottographic (EGG), and stroboscopic measurements. Compared with EP, IP was 
found to be associated with increased airflow, decreased amount of vocal fold contact and 
higher fundamental frequency (F0). Kelly and Fisher (1999) examined the acoustic and 
stroboscopic data in sustained IP productions of vowel /i/ by 10 females and found similar 
results. In addition, they also noted that the intensity levels of /i/ using IP failed to vary 
consistently with the increase of F0. Robb et al. (2001) further examined the interaction 
between articulatory and phonatory functioning during IP. They found that the 
articulatory-phonatory interaction during IP was not precisely the same as that during EP. 
However, they did not state whether all vowels produced using IP stimulated appropriate 
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laryngeal physiology. Moreover, previous studies mainly focused on IP production in isolated 
vowel context. The mechanism of IP production in isolated consonant-vowel context was not 
precisely investigated. Additional information is needed to address the effects of IP on the 
coordination between the phonatory and articulatory systems. 
Interarticular Timing – Voice Onset Time 
Voice onset time (VOT) is defined as the temporal separation between the release of an 
oral occlusion and the start of glottal pulsing (Baken & Orlikoff, 2000). Accordingly, it 
directly describes how articulation of the supralaryngeal vocal tract coordinates with voicing 
by the laryngeal system. The greater is the latency between articulatory movement and onset 
of phonation, the longer will the VOT value be. Many factors have been found to affect the 
VOT value. The place of articulation of an oral stop, for example, has been found to be 
associated with different VOT values (Cho & Ladefoged, 1999; Liu, Ng, Wan, Wang, & 
Zhang, 2007). In general, VOT values appear to increase as the place of occlusion moves 
from the lips to the soft palate. Such relationship between VOT and place of articulation in 
normal laryngeal speakers has been attributed to: (1) the amount of intraoral pressure behind 
the occlusion, (2) the speed of articulator movement, and (3) the amount of articulator contact 
at occlusion (Cho & Ladefoged; Liu et al.).  
By examining the VOT characteristics associated with stops in English and other 
languages, researchers have found that such interarticulator timing serves as an important 
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perceptual cue for voicing and aspiration (e.g., Lisker & Abramson, 1964). It follows that 
English voiceless stops /p, t, k/ and voiced stops /b, d, g/ can acoustically be distinguished by 
the different VOT values (Lisker & Abramson). Cho and Ladefoged (1999) examined the 
differences between aspirated and unaspirated stops in 18 languages, and found that velar 
stops can have up to four phonetic categories (around 30 ms representing unaspirated stops, 
around 50 ms for slightly aspirated stops, around 90 ms for aspirated stops, and the highest 
VOT values for highly aspirated stops of Tlingit and Navajo) when comparing the VOT 
values among aspirated and unaspirated stops in different languages. Tsui and Ciocca (2000) 
examined aspirated and unaspirated stops in Cantonese and found similar VOT differences 
between aspirated stops /ph, th, kh/ and their unaspirated counterparts. These studies suggested 
that a change in the timing between articulatory and phonatory systems may result in voicing 
or aspiration. However, all of the previous VOT studies were based on data obtained from EP 
productions. The VOT characteristics associated with IP is not known. Information regarding 
how IP affects the timing control between the articulatory system and the phonatory system is 
lacking. 
The present study aimed at examining the timing control between the phonatory and 
articulatory systems during IP. Results could help explain the precise temporal coordination 
between the phonatory and articulatory systems during EP and IP productions of different 
stops. In the present study, VOT values obtained from CV Cantonese syllables were used to 
Interarticulator Timing Control     6 
indicate the interarticulator timing between the articulatory and phonatory systems. In 
Cantonese, all stops are voiceless and contrasted by aspiration and places of articulation. 
Aspirated and unaspirated stops produced at three different places of articulation (bilabial, 
alveolar and velar) yielded a total of six different Cantonese stops investigated in the present 
study. By comparing the VOT characteristics of these six Cantonese stops produced using EP 
and IP, the effect of phonation (EP vs. IP) on interarticulator timing control could be revealed. 
Results from the present study helped us better understand the actual mechanism of IP, which 
help the design of better and more effective voice therapy regimen involving the use of IP. 
 
Method 
Participants 
Speakers 
Fifteen males and fifteen females participated in the study. Their ages ranged from 19 to 
28 years, with a mean age of 22.53 years. All speakers were healthy native adult speakers of 
Hong Kong Cantonese with no known history of respiratory, vocal and/or auditory problems. 
They were local Hong Kong residents who had completed at least high-school education. An 
important inclusion criterion was: they were proficient in sustaining the vowel /a/ using IP for 
at least two seconds. 
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Listeners 
Five male and five female adult Cantonese speakers participated in the listening 
experiment. Their ages ranged from 19 to 24 years, with a mean age of 20.40 years. All 
listeners had no reported history of speech and/or hearing problems. They were considered as 
naïve listeners as they had no prior experience with IP. 
Speech materials 
Three aspirated (/ph, th, kh/) and three unaspirated (/p, t, k/) voiceless stops followed by 
the vowel /a/ were used in the study. This provided a complete set of phonological contrast of 
voiceless unaspirated and voiceless aspirated stops at three places of articulation (bilabial, 
alveolar and velar). As lexical tone is beyond the focus of the present study, all CV syllables 
were produced at the high-level tone, yielding six meaningful Cantonese monosyllabic words: 
/pha/ “on all fours”, /tha/ “he”, /kha/ “compartment”, /pa/ “father”, /ta/ “dozen”, /ka/ “to add”. 
To increase naturalness of productions, the Cantonese words were embedded in a carrier 
phrase: /tʌk6 ___ tsi6/ meaning “Read ___ word”. With such carrier phrase, the monosyllabic 
word was easily identified on the waveform during acoustic analysis since it was preceded 
and followed by brief periods of silence associated with the stop /k/ and affricate /ts/ 
respectively. 
Recording Procedures 
To make sure the speakers were able to produce the different speech materials using 
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both EP and IP proficiently, sufficient practice time and training were provided. Only when 
the speakers were able to sustain a vowel for at least two seconds would the experiment begin. 
Prior to the experiment, the speakers were provided with instructions on how to produce IP 
and they were allowed to practice with the speech materials. 
During the recording, the speakers were asked to produce the six Cantonese words in the 
carrier phase three times using both EP and IP. The order at which the words were produced 
was randomized in order to avoid order effect. For each syllable, the Chinese character 
corresponding to the CV syllable was printed with the carrier phase on an index card. The 
cards were shuffled and presented to each speaker during recording. The speakers were 
seated in a sound booth of the Speech Science Lab and instructed to produce the speech 
samples at a comfortable loudness level. Speech samples were recorded by using a 
high-quality microphone (Shure, SM 58) with a 10-centimentre mouth-to-microphone 
distance and a preamplification unit (M-Audio, MobilePre USB). Acoustic signals were 
obtained and digitized by using the Praat 5.0 speech analysis software at a sampling rate of 
20 kHz and 16 bits/sample. The digitized signals were stored in a computer for later analyses. 
Upon completion of the recording, a total of 1080 productions (6 stops x 3 trials x 2 
phonation types x 30 speakers) were recorded. The last two trials, a total of 720 productions 
(6 stops x 2 trials x 2 phonation types x 30 speakers) were chosen for VOT measurement and 
listening experiment. 
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Listening Experiment 
To assess the intelligibility of the EP and IP speech samples produced by the speakers, 
the speech samples were perceptually identified by the listeners. Prior to the listening 
experiment, the listeners were briefed to acquaint them with the experiment procedure. 
Listening experiment was carried out in a quiet room. The recorded speech samples 
produced by the speakers using EP and IP were randomized and presented to the listeners via 
high-quality headphones. Upon listening to each speech sample, the listeners chose the word 
corresponding to the syllable they had just heard and input their answers into a computer. The 
listeners were instructed to adjust for their comfortable loudness level and allowed to repeat 
the speech sample once at most when needed. To provide sufficient time for the listeners to 
make their selection, an inter-stimulus pause of approximate three seconds was provided. 
Measurements 
VOT values were measured from the digitized speech samples by using the Praat 5.0 
speech analysis software. Based on the definition of VOT which refers to the time interval 
between the release of stop occlusion and the onset of the following vowel (Baken & Orlikoff, 
2000), different measurement methods can be used to obtain VOT. In the present study, onset 
of voicing was noted as the first vertical striation extending upward through the first formant 
(F1) and the second formant (F2) without interruption. This was identified with the assistance 
of a wide-band spectrogram (windows = 25 ms) as the visible waveform lacked consistent 
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periodicity especially in IP. According to Francis, Ciocca, and Yu (2003), accurate 
comparison among syllables could still be accomplished with consistency in using the same 
benchmarks. Therefore, F2 in the spectrogram was used in the present study. 
From the perceptual experiment, average percent correct identification was calculated 
for different stops. Confusion matrices were developed to depict the error pattern in the 
identification of different stops. 
Reliability Measures 
To assess intra-rater and inter-rater reliability, a set of 72 speech samples (10% of the 
entire data corpus) was randomly selected for re-measurement of the VOT values. The VOT 
values from the first and second measurements of this set of speech samples were compared. 
Pearson Product-Moment Correlation was calculated and used to represent the consistency of 
the intra-rater and inter-rater reliabilities. In addition, the absolute percentage errors were 
calculated for the intra-rater and inter-rater reliabilities. To assess intra-listener reliability, a 
set of 72 speech samples (10% of the entire data corpus) was randomly selected. The speech 
samples were presented to the listeners a second time for identification. The listeners were 
not informed of the repeated speech samples. The identification scores obtained from the first 
and second presentations of this set of speech samples were compared and the percentage of 
consistency was calculated.  
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Statistical Analysis 
In the study, the three factors affecting VOT were phonation type, aspiration, and place 
of articulation. Gender is not considered as a variable as the comparison between male and 
female productions was beyond the scope of the study. A repeated-measure factorial analysis 
was used with phonation type, aspiration, and place of articulation as within-subjects 
variables. 
 
Results 
Reliability Measures 
 Results of intra-rater reliability indicated statistically significant correlation (r = 0.976, p 
< 0.01). An absolute percent error of 11.93% between the first and second measurements by 
the primary investigator was made. Results of inter-rater reliability indicated statistically 
significant correlation (r = 0.939, p < 0.01). An absolute percent error of 16.14% between the 
primary and secondary investigators was found. Both results indicated that the consistency 
and reliability of intra-rater and inter-rater were acceptable. In the listening experiment, a 
total of 720 samples (72 samples for each listener) were presented to the listeners and the 
number of consistent perception between first and second perceptions was 579 samples. The 
percentage of consistency was 80.42% between first and second perceptions. 
Perception 
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 Percent correct identification of aspirated and unaspirated stops produced using EP and 
IP is summarized in Tables 1 and 2. Table 1 shows that identification of all Cantonese stops 
produced using EP achieved a near-perfect level of accuracy (> 96%), except for /th, t/ at a 
high level of accuracy (> 90%). Misperception of place of articulation appears to be the 
predominant error, with few errors in aspiration. However, all Cantonese stops produced 
using IP were identified at a lower level of accuracy (< 65%) (see Table 2). A common error 
pattern appears to be the confusion between aspirated and unaspirated stops, with relatively 
more accurate identification of place of articulation. Such error pattern in aspiration indicates 
that listeners had difficulty in distinguishing the aspirated and unaspirated stops of the same 
place of articulation produced using IP. In addition, misidentification of place of articulation 
was also found in Cantonese stops produced using IP. 
Table 1. Confusion Matrix of Identification (%) of Cantonese Stops Produced Using 
Expiratory Phonation (EP). 
  Cantonese stops perceived 
  /ph/ /th/ /kh/ /p/ /t/ /k/ 
C
an
to
ne
se
 st
op
s p
re
se
nt
ed
 
/ph/ 98.0 2.0 0.0 0.0 0.0 0.0 
/th/ 2.5 94.0 3.1 0.0 0.2 0.2 
/kh/ 0.2 1.0 98.5 0.0 0.3 0.0 
/p/ 0.0 0.2 0.0 98.5 1.3 0.0 
/t/ 0.2 0.5 0.0 4.3 93.5 1.5 
/k/ 0.2 0.0 0.0 0.2 0.6 99.0 
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Table 2. Confusion Matrix of Identification (%) of Cantonese Stops Produced Using 
Inspiratory Phonation (IP). 
  Cantonese stops perceived 
  /ph/ /th/ /kh/ /p/ /t/ /k/ 
C
an
to
ne
se
 st
op
s p
re
se
nt
ed
 
/ph/ 50.2 12.3 1.2 30.5 4.6 1.2 
/th/ 1.5 64.0 7.0 0.3 20.9 6.3 
/kh/ 0.7 6.5 57.0 0.2 1.8 33.8 
/p/ 27.3 8.4 2.3 56.7 4.5 0.8 
/t/ 1.2 44.2 1.5 0.8 48.8 3.5 
/k/ 0.5 12.2 31.6 0.7 4.0 51.0 
VOT Values 
 VOT values measured from the EP and IP speech samples were tested for possible 
significant differences. A three-way repeated-measure Analysis of Variance (ANOVA) was 
used to assess the possible effects of phonation type, aspiration, and place of articulation on 
VOT values. As significant interaction was found between the factors aspiration and 
phonation, two 2 x 3 (aspiration x place of articulation) two-way ANOVAs and two 2 x 3 
(phonation x place of articulation) two-way ANOVAs were used to test for the differences 
between EP and IP, and between aspirated and unaspirated stops, respectively. 
Expiratory Phonation (EP) 
 Average VOT values of aspirated and unaspirated stops produced at different places of 
articulation using EP are summarized in Figure 1. The average VOT values of aspirated and 
unaspirated stops produced using EP were 96.86 ms and 15.66 ms respectively. The two-way 
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ANOVA results showed no significant interaction between aspiration and place of articulation 
[F(2, 118) = 0.046, p = 0.955]. However, significant main effects were found for aspiration 
[F(1, 59) = 1737.685, p < 0.01] and place of articulation [F(2, 118) = 49.062, p < 0.01]. 
Aspirated stops /ph, th, kh/ exhibited significantly longer VOT values than unaspirated stops /p, 
t, k/. Pairwise multiple comparisons indicated that velar stops /kh, k/ were associated with 
significantly longer VOT values than alveolar stops /th, t/ (p < 0.01) and bilabial stops /ph, p/ 
(p < 0.01). Alveolar stops /th, t/ were associated with significantly longer VOT values than 
bilabial stops /ph, p/ (p < 0.05). 
Inspiratory Phonation (IP) 
 Average VOT values of aspirated and unaspirated stops produced at different places of 
articulation by using IP are summarized in Figure 2. The average VOT values of aspirated 
and unaspirated stops produced using IP were 37.30 ms and 28.24 ms respectively. The 
two-way ANOVA results showed no significant interaction between aspiration and place of 
articulation [F(2, 118) = 0.964, p = 0.384]. However, significant main effects were found for 
aspiration [F(1, 59) = 25.286, p < 0.01] and place of articulation [F(2, 118) = 21.842, p < 
0.01]. Aspirated stops exhibited significantly longer VOT values than unaspirated 
counterparts. Pairwise multiple comparisons revealed that velar stops /kh, k/ were associated 
with significantly longer VOT values than alveolar stops /th, t/ (p < 0.01) and bilabial stops 
/ph, p/ (p < 0.01), with no significant difference between bilabial stops /ph, p/ and alveolar 
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stops /th, t/ (p = 0.141). 
 
Figure 1. Average VOT Values of Aspirated and Unaspirated Stops Produced at Different 
Places of Articulation Using EP. 
 
Figure 2. Average VOT Values of Aspirated and Unaspirated Stops Produced at Different 
Places of Articulation Using IP. 
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IP vs. EP 
 Results of two-way ANOVAs showed no significant interaction between phonation and 
place of articulation for both aspirated [F(2, 118) = 0.220, p = 0.803] and unaspirated stop 
categories [F(2, 118) = 0.610, p = 0.545]. However, significant main effects were found in 
phonation for both aspirated [F(1, 59) = 534.340, p < 0.01] and unaspirated stop categories 
[F(1, 59) = 99.047, p < 0.01]. VOT values produced using EP were significantly longer than 
those produced using IP for both aspirated and unaspirated stop categories. 
 
Discussion 
Perception 
 Perceptual experiment revealed that identification of Cantonese stops was not perfect 
even for those produced using EP (see Table 1). This is consistent with results reported 
previously (Tsui & Ciocca, 2000). The lack of perfect identification of Cantonese stops 
produced using EP may be related to the absence of contextual cues during the listening 
experiment. The perceptual results also revealed that the predominant error in identification 
of Cantonese stops produced using IP was aspiration confusion. This appears to be related to 
the different VOT values of IP compared with those of EP. VOT of a stop consonant has been 
reported to be an important perceptual cue for distinguishing between aspirated and 
unaspirated stop consonants (Lisker & Abramson, 1964, 1970; Francis et al., 2003). In the 
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present study, average VOT differences between aspirated and unaspirated stops in EP were 
significantly longer than those in IP (the average VOT differences between aspirated and 
unaspirated stops were 81.20 ms for EP and 9.06 ms for IP). The greater discrepancy in VOT 
values between aspirated and unaspirated EP stops may provide a better perceptual cue for 
listeners to distinguish between aspirated and unaspirated stops produced using EP. On the 
contrary, a small VOT contrast between aspirated and unaspirated stops produced using IP 
may have led to the aspiration confusion as seen in the listening experiment. Apart from VOT 
values, previous study (Tsui & Ciocca) indicated that aspiration noise and formant transition 
information were important cue for perception of aspiration and place of articulation in 
Cantonese stops. The study investigating normal phonation (i.e., EP in the present study) 
showed that the presence of aspiration noise was an important cue for normal listeners in the 
perception of aspiration and VOT was a weak aspiration cue. In the present study, VOT 
values were addressed to the perception result. The use of acoustic cues to the perception of 
aspiration and place of articulation in IP would be further investigated. This may provide 
information on how to distinguish aspirated and unaspirated stops in training IP for clinical 
use. 
Phonation 
 In the present study, EP stops exhibited significantly longer average VOT values than IP 
stops. Such distinction is apparently related to the mechanism with which sound is made. 
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According to Zemlin (1998), an important factor related to voice production is the pressure 
differential across the glottis known as the transglottal pressure differential (TPD). TPD can 
be viewed as the difference between subglottal and supraglottal pressures. According to the 
Myoelastic-Aerodynamic theory (Zemlin), during EP, a positive TPD is yielded when 
subglottal pressure overcomes supraglottal pressure. As a consequence, an outward flow of 
air is generated provided that the airway is open. The minimum amount of subglottal pressure 
needed to set the vocal folds into vibration is called the phonation threshold pressure (Ferrand, 
2001). If supraglottal pressure approximates subglottal pressure, TPD approaches zero and 
vocal fold vibration arrests. Recent studies suggested that high intraoral pressure behind the 
velar stop occlusion contributed to a high supraglottal pressure and longer time to build up 
sufficient TPD or subglottal pressure to initiate onset of vibration (e.g., Liu et al., 2007). 
However, during IP, sound is produced by an inward flow of air to the lungs (Finger & 
Cielo, 2007). It follows that a negative TPD needs to be created by a pressure difference 
between the supraglottic and subglottal regions, both of which are negative. It is suggested 
that subglottal pressure is more negative than supraglottal pressure, and air molecules are 
sucked into the lungs, creating an inward flow of air during IP production. Two factors may 
have contributed to the negative TPD: (1) the lowering of the larynx, and (2) inhalatory 
muscular force from the respiratory system (Ferrand, 2001; Zemlin, 1998). Perhaps due to the 
size difference between the supraglottic and subglottal regions, the time it takes to establish a 
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sufficiently negative TPD during IP may be shorter than that required to establish a 
sufficiently positive TPD during EP. This may explain the significantly shorter VOT values 
during IP production than those during EP production. 
Aspiration 
 In the present study, for both EP and IP, aspirated and unaspirated Cantonese stops were 
associated with significantly different VOT values. This is in line with reports in the literature 
regarding long and short lag VOT values (Cooper, 1977, reported by Lee, 1997). Lee 
discussed the differences between long lag and short lag VOTs in Cantonese. Voiceless 
unaspirated stops are labeled as having short lag VOTs as they are produced when vocal fold 
adduction occurs prior to the actual release of stop closure, and the vocal folds are then kept 
slack. When the stop closure is actually released, a sufficient drop in TPD leads to onset of 
vibration shortly after the release. Thus, the VOT values of unaspirated stops are shorter. For 
voiceless aspirated stops which have long lag VOTs, the vocal folds must be in an abducted 
position to allow the passage of turbulent air flow (aspiration noise) before onset of vibration. 
Therefore, adduction can only be initiated after the release of air flow and this leads to longer 
VOT values in aspirated stops. The present study shows similar findings in VOT values of EP 
production. In the production of aspirated stops using IP, the duration of aspiration noise was 
found to be shorter than that produced using EP. The shorter duration of the aspiration noise 
would help explain smaller VOT differences between aspirated and unaspirated stops 
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produced using IP when comparing with those produced using EP. Combined with the finding 
of relatively poor distinction between aspirated and unaspirated stops produced using IP from 
the listening experiment, it is suggested that speakers had difficulty in signaling contrast 
between aspirated and unaspirated stops when using IP. 
Place of Articulation 
 Regardless of phonation type, the present results indicated that velar stops (/kh, k/) were 
associated with significantly longer VOT values than bilabial and alveolar counterparts (/ph, p, 
th, t/). Similar results have been reported previously in studies of EP stops of different 
languages (Lisker & Abramson, 1964; Liu et al., 2007). In general, the VOT values of EP 
stops significantly increase as the place of articulation changes from bilabial to velar. This 
change of VOT with place of articulation may be contributed by (1) the volume of cavity 
behind and in front of occlusion, (2) speed of articulator movement, and (3) the extent of 
articulatory contact area (Cho & Ladefoged, 1999; Liu et al.). For example, during EP 
production of the aspirated velar stop /kh/, a high supraglottal pressure is established behind 
the occlusion. Such high intraoral pressure requires a longer time for onset of glottal vibration 
to occur. In addition, as the major articulator for /kh/, the tongue dorsum moves more slowly 
than the lips for bilabial stops or the tongue tip for alveolar stops. During the release of velar 
stop occlusion, the wider area of constriction leads to a slower rate of reduction of 
supraglottal pressure. All the three factors favor longer VOT values for velar stops produced 
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using EP. 
To begin vocal fold vibration during IP production, a negative TPD needs to be 
generated by creating a strong negative subglottal pressure. As soon as the oral occlusion is 
released, air moves from supraglottic region to the subglottal region through the open glottis. 
Only when the vocal folds are sufficiently adducted, and the negative TPD is sufficiently high 
will the vocal folds start to vibrate. The speed of articulator movement and the area of 
articulatory contact in velar stop production using IP are similar to those produced using EP. 
For the volume of cavity behind and in front of occlusion, how the production using IP 
affects the volume of cavity is preserved and should be investigated. Although the volume of 
cavity was an unknown factor to the change of VOT values according to different places of 
articulation, the velar stops /kh, k/ in the present study were still associated with significantly 
longer VOT values than bilabial and alveolar stops /ph, p, th, t/ produced using IP. The speed 
of articulatory movement and the extent of articulatory contact area likely affect the time to 
achieve the appropriate TPD. The sooner the appropriate TPD is achieved, the shorter is the 
VOT value. Apparently, more information about articulator activities during stop production 
is needed to better understand the physiological differences among different places of 
articulation produced using IP. 
Clinical Implication 
 This study serves as a step forward in the study of IP production of Cantonese stops. The 
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present study provides preliminary data and basis in the understanding of the physiological 
characteristics associated with IP stop production.  
 Results from the present study reveal that interaction between the articulatory and 
phonatory systems during IP is not the same as that found during EP. Similar finding was 
reported in the literature previously (Finger & Cielo, 2007; Kelly & Fisher, 1999; Orlikoff, 
1997; Robb et al., 2001). Finger and Cielo suggested that therapy making use of IP should 
start with vowels. It was not difficult for patients to acquire blunt explosive phonemes in an 
initial position such as /p/ during production training. The present study suggests that 
aspirated and unaspirated stops can be appropriate speech materials for Cantonese patients 
using IP as part of their therapy regimen. Yet, data from the perceptual experiment indicated 
that speakers’ ability in distinguishing between aspirated and unaspirated stops produced 
using IP should be improved. 
 
Conclusion 
 The present study investigated the effect of place of articulation and aspiration in 
production of Cantonese stops using EP and IP. Results indicated that aspiration confusion 
was found in the listeners’ identification of IP stops when compared with EP counterparts. 
VOT analysis revealed that IP stops were associated with significantly shorter VOT values 
than the EP stops. Regardless of phonation type, aspirated stops exhibited longer VOT values 
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than unaspirated stops. Velar stops were associated with longer VOT values than bilabial and 
alveolar stops. Such findings support that the articulatory-phonatory interaction in 
productions using IP is not the same as that in productions using EP. 
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Appendix: Stimuli for Speakers 
讀 趴 字 
讀 他 字 
讀 卡 字 
(卡通) 
讀 爸 字 
讀 打 字 
(一打、兩打) 
讀 加 字 
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